Abstract. User interfaces are key properties of Business-to-Consumer (B2C) systems, and Web-based reservation systems are an important class of B2C systems. In this paper we show that these systems use a surprisingly broad spectrum of different approaches to handling temporal data in their Web interfaces. Based on these observations and on a literature analysis we develop a Morphological Box to present the main options for handling temporal data and give examples. The results indicate that the present state of developing and maintaining B2C systems has not been much influenced by modern Web Engineering concepts and that there is considerable potential for improvement.
Introduction
Business-to-Consumer (B2C) transactions involve a large number of users who are not willing to undergo site-specific learning processes and who should be able to use the system intuitively. Therefore, user interfaces are a key feature of B2C systems. Web-based reservation systems have become a highly relevant distribution channel in the travel industry [1] . Handling temporal data (HTD) in Web interfaces has a high relevance in these reservation systems, because each reservation is time related. Fabre and Howard [2] argue that "good practices" for HTD should find their way into style guides, screen design guidelines, and repositories of reusable interface designs.
In this paper we show that temporal data is handled by Web-based reservation systems very differently, sometimes in user-unfriendly ways and in contradiction to usability guidelines, and in some cases even erroneously. The remainder of this paper is organized as follows: In Section 2 we refer to previous work on usability issues of B2C systems and on handling time in information systems. In Section 3 we describe procedures used for HTD in airline and hotel reservation systems in a Morphological Box and discuss the characteristics of the features. Section 4 provides a summary and considers opportunities for further research.
Previous Research
Many publications report usability problems of B2C sites [3] [4] [5] [6] [7] [8] , and in particular of Web-based travel and reservation systems [9] [10] [11] [12] [13] [14] .
ISO 9241-110 specifies seven principles for designing dialogues between humans and information systems, which include self-descriptiveness, conformity with user expectations, and error tolerance [15] . Of special relevance in our context are 23 usability guidelines on data entry, recommending that data formats should be clearly indicated for inputs, text entry fields should indicate the format of data to be entered, dropdown menus should be used in preference to text entry fields, and forms should be validated before submission [16] .
There is a huge body of time-related research. At least 13 bibliographies on HTD in information systems have been compiled [17] [18] , focusing on temporal databases and artificial intelligence topics. HTD gained broad public interest in connection with solving the Year 2000 (Y2K) problem; in early January 2000 some Websites displayed seriously wrong date representations [19] .
Temporal aspects are often neglected in usability research [2] . In their comparison, among many other matters, Law et al. [20] [21] consider whether such features as "Free entry of check-in/out date," "Date/time available for booking," and "Warning of incorrect date/time entry" are supported. Detailed recommendations for system developers are given by Bainbridge [22] . However, approaches to improving usability differ remarkably between academia and practice [23] .
Information engineering concepts such as patterns and services can also be useful for HTD. Temporal patterns are discussed, e.g., in [24] ; several temporal services are compiled in [25] .
A Morphological Analysis of Handling Temporal Data
The perceived usability of a B2C site is often seen as an indicator of the quality of the product or service offered by the company. In this paper we focus on HTD and, thus, consider a single element of the user interface in more depth than previous analyses. Needless to say, HTD is only one aspect to be considered in the evaluation of a user interface. However, this feature seems to carry considerable potential for errors and demotivation if designed in a user-unfriendly way, and may result in higher transactions costs, loss of revenues, and lost customers.
Below we discuss reservations made on the sole basis of online information and directly by travelers via the Web and exclude communications via contact forms or emails. We consider interval-related dates for reservations; the scope of the paper does not extend to sequences of more than two dates (occurring, e.g., when multiple destinations are booked) or to intraday temporal data.
Methodology
A morphological analysis is characterized as an ordered way of looking at things [26] [27] . The Morphological Box can be applied to provide a systematic overview of elementary courses of action and how they are combined in existing products and services. We develop a Morphological Box ( (Table 1) . We describe the main features of HTD and add comments and examples where necessary. The features were found by literature analysis and by a critical review of many reservation systems. In this phase of research we did not perform a quantitative analysis of a well-defined set of systems, because we first wanted to build a framework of approaches for HTD. Our examples primarily describe inadequate or user-unfriendly solutions to show the potential benefit of applying information engineering methods and tools for Web Engineering more rigidly in the future.
3.2
Ten Features in Handling Temporal Data
Definition of the Booking Interval
For a reservation the user has to define the corresponding time interval, which can be described by its starting day t s , its duration d, and/or its end t e . Two of these elements suffice to define the interval. Most systems expect the entry of t s and t e . In a few cases t s and d have to be entered and we are not aware of any system that expects the entry of d and t e . In rare cases interfaces allow entry of all three values (t s , d, and t e ). At first glance, this looks user-friendly and the third element can be determined automatically as soon as the user entered two elements. However, if the user is changing one of the three date elements after his original entry, the system does not know which of the remaining two date elements should be modified. The resulting temporal integrity problems are discussed in more detail in [28] . 
Display of Calendars
We define a calendar as a rectangular structure displaying the days of a month; columns represent the weekdays and rows stand for weeks. Calendars can be displayed without user action or after the user requests it, e.g., as a calendar popup after a calendar icon or a date entry field has been clicked [22] . Some calendars already show whether a reservation is possible or not.
Entry and Changes of Temporal Data
Temporal data is typically entered via the keyboard or with a pointing device ("date picker"). The pointing device may be used to click in a dropdown element or in a calendar. Keyboard, dropdown, and calendar date entry can be combined; therefore one could also show all seven combinations in the Morphological Box. Some systems impede changes via the keyboard by positioning a pop-up calendar above the field that displays the date. Surprisingly, the behavior of some systems depends on how the date has been entered [28] .
If only a single component of the date information (in particular days) is shown, it is mostly displayed linearly in a dropdown, which may show either numbers only or, more conveniently, the numbers together with (maybe abbreviated) names of days. Often only a subset of all days is displayed, and the user may have to scroll to other days. For a given Browser the subset may be static (e.g., days 1-20 are shown initially) or context specific (e.g., as a "rolling dropdown" [22] , starting with the current day). The length of the month should be taken into account if the user has already entered his preferred month for travelling; for example, a dropdown for selection of the day should not offer the value 31 for November. However, many systems miss these requirements [28] .
Shneiderman and Plaisant [29] argue that providing a "graphical calendar" will reduce the number of errors, and UserFocus [16] suggests avoiding text entry fields if possible. If calendars are used, the options presented can be restricted to feasible values. For instance, days that are already past or lie beyond the booking horizon should be suppressed, faded out, crossed out, or grayed out.
After a date has been entered via a pointing device, it can often be corrected via the keyboard. Such changes may result in errors, because temporal integrity checks are often missing in this case [28] .
Displaying the (full or abbreviated) name of the weekday and month in or close to the date field may reduce errors [3, 22] .
Display of Date Format
With respect to keyboard entry it must be borne in mind that dates are represented in different cultures in diverse formats and that this nasty problem without good solutions is a source of misunderstandings, confusion, and errors [29] [30] [31] . Although ISO 8601 defines YYYY-MM-DD as the standard representation of days, this standard is not widely accepted by the general public. W3C [32] discusses three possible solutions to this problem; other design guides for date display have also been proposed, primarily in a healthcare context [33] [34] .
Nonetheless, Web-based reservation systems use an astonishing variety of date representations; among the 37 (!) variants we detected for displaying, e.g., the day 2010-11-03 we found such displays as 10-11-3, 3. November 2010, some with no reference to year, such as Nov 3, Nov-03-2010, , and . In particular if keyboard entry of dates is allowed, the user should be informed which date format is used by the system. This could be done in abstract form (e.g., MM/DD/YYYY) or with a numerical example, often displaying a default value in the entry field. However, if the example uses day numbers ≤ 12, the display will be ambiguous with respect whether the format is MM/DD or DD/MM. Although some reservation systems ask where the user is located, the date format used is typically not adjusted to this information.
Representation of and Access to Temporal Data
Many reservation systems provide some type of calendar information, usually with names or verbal abbreviations of months and a numerical representation of days. Information about and links to many calendar implementations are compiled in [25] . Typically no week numbers are displayed when showing calendars.
The user may see one or more (mostly <4) months on the same screen. Months that are not displayed can be selected either directly, by clicking on an element of a list or of a rectangular representation of months (cf. Figure 1) , or via browsing the calendars by moving forward or backward one month at a time until the relevant month appears; in rare cases the moves jump several months forward or backward with a single click.
In different cultures weeks are assumed to start with either Sunday or Monday. This means it is essential that the user is paying attention, and although some reservation systems ask where the user is located, the representation of weeks typically is not adjusted to this information. 
Default Values
Many reservation systems assume default values for t s , d, or t e . When a user enters a site, the system often shows default values for t s and t e . Popular default values for hotel reservations are t s = today and t e = t s + 1. One reason for showing default values may be that the systems want to show the date formats applied (cf. Section 3.2.4).
Some systems provide or adjust a default value for t e as soon as t s is entered. If default values are inserted, a distracted user may not recognize that the value has been set by the system. Therefore, setting default values could be accompanied by a warning message; however, we found very few warnings.
Owing to a limited booking horizon (cf. Table 2 ), in the early days of November 2010 many systems will not offer the option of booking a flight for late October 2011, as an example; however, if a user who is unaware of the limited booking horizon tries to book for December 2011, many systems will automatically switch to December 2010. This is a potential source of error, particularly if the system does not show the year of the reservation.
Some reservation systems avoid infeasible travelling dates t s > t e by heuristically adjusting t s according to t e , or vice versa. Problems of such adjustments and their sometimes strange results are discussed in the following section, and in more detail in [28] .
In general, it is doubtful whether default date values inserted by reservation systems benefit the users, and we assume that they are a major source of error, which could be avoided by nullifying instead of defaulting inconsistent date entries.
Temporal Integrity Constraints
Several types of temporal integrity constraints have to be considered for defining valid reservation intervals. They check t s and/or t e and/or d individually, or also the relationship(s) between these values. Of course no days that are already past and no inexistent days should be suggested to the user or accepted by the system. However, many systems offer, for instance, the day 31 also when the user already defined a month with less than 31 days.
The constraint today ≤ t s ≤ t e looks highly plausible, but in some situations checking it becomes quite challenging and is not sufficient [28] : Systems should consider the local time at the departure location for checking this constraint. For instance, a user staying in Sydney could want to make a reservation shortly after midnight for a traveler staying in Rio de Janeiro. In this case, the constraint may be violated if the system compares t s with the date in Sydney.
Minimal periods from today to t s and maximal time periods up to t e may have to be considered. Most systems do not make the booking horizon explicit. For booking flights, the horizon often lies between 320 and 365 days. Table 2 gives examples and shows the update behavior after 1 week and 1 month. Often, the last bookable day is adjusted on a daily basis ("moving windows" of different lengths; cf. the upper part of Table 2 ). Southwest Airlines (www.southwest.com) fixed the last bookable day during our research period. No regular update behavior could be found at other Websites (cf. lower part of Table 2 ). Some systems show calendars relating to long periods but allow bookings only within a comparatively short horizon. For instance, Aban Air (www.abanair.com) offers year entries between 1910 and 2020. It is user-unfriendly if a system offers an option for clicking and rejects in a later step the entry of a date that has been offered.
If an intermediary admits a long booking horizon, there will be very few reservation systems of the final service providers (e.g., hotels) that also support this horizon. The user may be surprised to find that the number of options offered diminishes with increasing time from the day of the booking request. This behavior can be found, e.g., at http://www.hotel.de/Search.aspx?lng=EN.
In addition, many hotels restrict the length of a reservation to a maximum number of days [28] .
If a user plans a reservation in September for a trip starting in November, the calendars for September and October should be suppressed when the calendar to be used for determination of t e is shown. More generally, no options for entering t e < t s should be offered, and if the user entered t e first, the system should hide all t s > t e . Conformity expectations are violated if, for example, the SAS reservation system (www.flysas. com/en/ch) suppresses infeasible return days after entry of the outward day but does not suppress infeasible outward days after entry of the return date [28] .
Special integrity issues arise when the user changes previously entered data. Many systems try to keep integrity by default adjustments if the user prepones t e ; however, not all of them react analogously if t s is postponed. This again infringes conformity expectations of users.
Error Messages
Temporal integrity can be checked either when the user enters the date in the form (Stage 1: "immediate method") or when he submits the form and starts a request, which may be named as search, go, etc. (Stage 2: "delayed method") [22, 35] . If the immediate method is applied, a user who wants to modify both t s and t e could receive an error message after the first change; however, this problem is typically avoided by a heuristic adjustment of the other date. Some systems ask for additional information in stage 2 even if the dates are infeasible because a check of temporal integrity constraints is postponed until the user provided additional, probably obsolete, entries.
Several Websites show bizarre and misleading error messages [29] . Examples of informative and misleading error messages in the case of violated temporal integrity constraints are given in [28] . Some systems avoid error messages generally by setting default values; however, this is an error-prone procedure (cf. Section 3.2.6).
Temporal Flexibility on Entry Page
Before deciding about a reservation, the user may consider several variants of destinations and temporal intervals. Some reservation systems allow temporal flexibility for t s and t e on the entry page. Intervals for temporal flexibility are typically preset by the systems; American Airlines used to allow a user-defined flexibility interval, which, however, seems to have disappeared in the meantime. Some systems show travel options for different days on the result page after executing the search, even without user request. This may be regarded as valuable information by some users and as information overload by others.
Options with respect to intraday flexibility may also exist. On some sites the user may enter favored hours for departure, while other systems use (sometimes imprecise) verbal paraphrases. For example, Continental Airlines (www.continental.com/web/en-US) offers the user a choice of such fuzzy data as "early morning," "morning," and "late morning."
Temporal Data after "Major Changes"
If a user alters his potential destination, switches from a one-way or a multicity flight to a roundtrip, or clicks on the Browser's "Return" button, we call his action a "major change." Below we focus on destination changes and their impact on previously entered temporal data. On his way to a reservation decision, the user may tentatively want to receive information on traveling to another destination than the one originally considered. However, the time interval may be identical to the previous query, e.g., because of fixed holidays. In this situation it is inconvenient if the system forces the user to enter the temporal data again and again; the dates defined in the previous search could be used as temporal default values. Many systems save temporal data in case of major changes. Among the systems that lose temporal information when the user clicks the return button are those of United Airlines and Continental Airlines (www.united.com; www.continental.com/web/en-US for users applying the Firefox Browser).
Discussion and Outlook
This paper shows that reservation systems handle temporal data in surprisingly different and sometimes inadequate ways. Therefore, we developed a Morphological Box that presents the main features needed for handling temporal data and their characteristics in a systematic way.
System developers seem to reinvent the wheel over and over again, often without following guidelines and without using patterns or services. The ambiguity of today's implementations shows that many Web-based systems are still developed individually without (re)using existing services even for a basic functionality such as handling temporal data. From a Web Engineering viewpoint this finding is disappointing: Contrary to the broad consensus about the benefits of methodological approaches, the adherence of guidelines, the development and use of temporal patterns as a basis for implementations, and the reusability of services seem to be still in their infancy. Also Web sites of major travel intermediaries, which reduce the relevance of the reservation systems of the final service providers, handle temporal data not without flaws.
The Morphological Box presented in Table 1 and the issues discussed in Section 3 will be used in further work to evaluate B2C systems. We plan to have the features and characteristics defined in the Morphological Box evaluated by usability experts. The results will allow to weight the relevance of the features and to distinguish between more or less favorable characteristics. This allows to restructure the Morphological Box for an easier comparison of different profile lines. The empirical results will allow to develop a maturity model for handling temporal data and to assign existing reservation systems to maturity classes.
Another stream of research could evaluate the options described in the Morphological Box from the perspectives of users with disabilities or of elderly citizens.
